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@ Waveform displaying device. 



@ A waveform displaying device, in which a measured analogue signal is converted into a digital signal 
by means of an analogue to dtgitai converter and thereafter the digital signal is directly inputted tn a 
display device (19) such as a raster scanning display, a liquid crystal display d6vk:e, effiecling the display 
whDe controfiing the brightness of pixels so as tD reproduce to display waveform of the nteasured 
analogue signai; In the present device the brightness of pbcels is varied, depending on slew rate of the 
wavetonn. so that the br^htness of interpolatk>n lines is increased, when (fifferences betiveen Inputted 
waveftxm data are smaR, and the brightness is decreased, when the dafevences are small. Further 
places, where the density of waveforms is high, are displayed brightiy by accumulating the briglitness 
thereof. In this way, since peculiar points in the wavefbnns such as points, £^ which the phseo, the 
frequency or the an^itude is varied, are displayed as points, at whteh the brightness is varied, it is 
possible to find easiy these points and further observation is easy, also in the case where a ntanber of 
waveforms are displayed, superposed on each other. 
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BACKGROUND OF THE INVENTION 

Fiekt of the Invention 

The present invention relates to a wavefcmn dis- s 
playing device, which can t>e utiKzed for a digital osci- 
loscope, eic reprodudng to display waveform oT a 
measured analogue signal on the t>asi8 of waveform 
data, into which the measured analogue agnsd is dig^ 
tal-converted, 10 

Description of the Related Art 

A wavefonm observing device such as a dlgHaJ 
osdiloscope, etc is provided with an analogue to dig^ 15 
tal converter a waveform memory and a wavefcxm 
displaying device. It stores wav^brm data otstained 
by converting an ot>served analogue ^nal intoa digi- 
tal signal with a predetermined period t>y means of the 
analogue to digital converter in the wav^brm memory 20 
and reads out the wavefonn data stated atxyve at 
need from the waveform memory to transfer them to 
the waveform displaying device in order to reproduce 
to display the waveform of the measured analogue 
signal described above. Heretofore the wavefomi dis- 2$ 
playing device converts digital waveform data into an 
analogue signal by means of a digital to analogue 
converter and ^ects the reproduction and the display 
of the waveform by using this analogue signal as a 
deHection signal for a CRT. However, if a number of 30 
different waveforms are displayed by such a 
waveform displa^ng device, the scanning distance 
with a beam in the CRT t>ecomes long and the display 
brightness is reduced. Further^ since it is necessary to 
sweep the beam with a high speed in order to prevent 3S 
fluctoations in the display, the CRT is restricted to be 
of electrostatic deflection type. The depth of an 
electrostatic deflection type CRT Is great with respect 
to the display area and it cannot be desired to reduce 
the size of the device. 40 

On the other hand, recently a waveform display- 
ing device provided with a pbeel memory and a display 
device, in which the display Is effected by controlling 
brightness erf pixels; e*g. a raster scannir>g display or 
a liquid crystal display, is used in practice. The 45 
waveform displaying device stated above is so con- 
structed that Interpolation processing is executed be- 
tween different waveform data by a CPU; the 
waveform is fraced in the pbcel memory; and the 
wavefonn is reproduced to be displayed by transmit- so 
ting successively brightoess information stored in this 
pixel memory to the display device. 

When tiie wavefonm displaying device described 
above is used, in the case where a number of drfferent 
waveforms are displayed, since these waveforms are 55 
synthesized in the pbcel nriemory, the br^htness of the 
display is not reduced. Further, the depth of the raster 
scanning display or the liquid crystal display is smaller 



than that of ttie electrostatic deflection type CRT, 
which makes ft possible to reduce the size of the 
device. 

However, since ttie display resolving power of ttie 
raster scanning display or the liquid crystal display is 
not so high, in ttie case where ttie number of 
waveform data is greater than ttie nurnber of di^>lay 
pfocels, a metiiod, by which ttie maximum value and 
the minimum value are detected for every predeter- 
mined period of time and only interpolation lines con- 
necting ttiese data are displayed are used. By such a 
method, since many waveform data have been 
already ttiinned out, much infonmation is lost When ft 
is displayed, a uniform band is formed and therefore 
\t is impossible tofind variations In the slew rate and 
ttie phase. 

SUMMARY OF THE INVENTION 

The present invention has been done in order to 
solve ttie problems of the conventional techr^que des- 
crft>ed above and the ofcject thereof Is to provide an 
excellent wav^orm displaying device capable d! dis- 
playing waveform data of Isvge quanta, witiiout los- 
ing any infonmation which they have. 

In order to achieve the above object; a wavefonn 
displaying device according to the present invention, 
which reproduces to display a ^^vavefonm of a 
measured analogue signal on the t>asls of waveform 
data, into which the measured an^o^e ^nal Is dig^ 
tel-converted by means of an analogue to c!!gita} con- 
verter, is characterized In that it comprises displaying 
means for effecting the display while controlling the 
brightness of pbcels; a pixel memory fcroutputting ttie 
brightoess of pixels to the displaying means stated 
above; interpolation line brightness generating means 
for obtaining the brigtitoess of each of Interpolation 
lines by using differences between inputted waveform 
data; and brightoess accumulating means for 
accumulating ttie brightness of ttie Interpolation lines 
from the Interpdation line brightness generating 
means stated above in the corresponding pbcels in the 
pbcel memory. 

In this way, according to ttie present Invention, 
the brightoess is varied, depending on the slew rate 
of waveform, if the t>rightness of the relevant interpo- 
lation line is Increased, e.g. when differences be- 
tween waveform data are small, and on the contrary 
the brightoess of the relevarit Interpolation line is deo 
reased. when the differences sre great Fiffther, 
places where ttie density of wavefonm is high are dis- 
played brightiy by ttie accumulation of ttie brightoess. 
That is, since variations in the waveform are displayed 
togetiier with information on ttie br^htness, it is poss- 
ible to display wavefonm date of Imge quantity even t>y 
using a display device having a low resolving power. 
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BRIEF DESCRIPTION OF THE DRAWING 

Fig. 1 aschematical block diagram showing a 
wavelDnn cOsplayhg device in an embodoment of the 
present Invention. 5 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Hereinbelow the present invention w3l be exp- 
lidned, referring to the dramng. 

Fig. 1 is a blodc diagram indicating an embodi- 
ment of the waveform displaying de^ce according to 
the present invention. 

In Rg. 1 , a wav^bnn mernory 1 0 takes wavdbmi 
date Ddfirom an analogue to digital converter to store 
thent TTie wavefbmi data stored In the waveform 
memory 10 are Inputted in a subtracter 11, a Dfiipflop 
(herebbelow caBed *DFF^ 12 and an interpolation 
line generator 13. The DFF 1 2 outputs waveform data 
Va preceding directly waveform data Vb. These 
waveform data Va are inputted in the subtracter 11 
arid the Interpoiatfon nne generator 13. Dh this way the 
subtracter 11 calculates the difference Vd t>etween 
thfr waveform data Va and the waveform data Vb 
ir^Mitled thmin to output it This difference output Vd 
of the^ subtracter 11 is inputted in an address of a 
brightness calctdaSng ROM 14. The ROM 14 outputs 
t)righ!ness data Sb of an Interpolatfon line, responding 
to the difference. Vd. The brightness data Sb des- 
cribed above is Inputted in an adder 1 5. Here the sut>- 
etracter 11, the DFF 12 and the ROM 14 constitute 
Interpoiafkm line brightness generating means J. 

The Interpolation line 13 generates successively 
vertk»l adcfresses for all the pixels oonresponding to 
ttm interpoteftkMi line of the Inputted waveform data 
fiPomVa to Vb. The addresses generated by the inter- 
polation line generator 13 are inputted in vertical 
address Av of ttie pixel nDemory 16. A horizontal 
counter 17 specifies the horizontal positbn of the 
Interpoiatkm line and the output thi^ horizontal 
counter 17 la inputted in horizontal address Ah of the 
pbcel memory 1 6. The pixel memory 1 6 outputs t>right- 
ness data Di of the pbcels specified t>y the vertical 
address Av and the horizontal address Ah. These 
brightness data Di are inputted in a latch 18 and held 
therein. The output of the latch 18 is inputted in an 
adder 15 to be added there to brightness cteta Sb of 
the interpolatlcm line. This adder 15 and the latch 18 
constitute brightness accumulating means IC 

The output of the adder 1 5 Is written in the pbcel 
nnemory 1 6 as the brightness data for the pixels speci- 
fied t>y the vertical address Av and the horizontal 
adctess Ah described above. The display device 19 
reeds out successivdy the brightness data Sv from 
the pbcel memory 16 to display them. 

The waveform displaying device constructed as 
described above will be explained, r^erring to Fig, 1. 



The waveform data converted into a digital signal 
by means of an analogue to digital converter* wth a 
{determined period are stored in the waveform 
memory 10. When wavefonm data for one frame are 
written in the waveform menrx>ry 1 0, it outputs succes* 
sively ttie waveform data Vb for the display. The 
waveftmn data Vb are inputted In ttie subtracter 11, 
the DFF 12 and the interpolation line generator 13. 
The DFF 12 outputs the waveform data Va preceding 
directly the waveform data Vb outputted by the 
wavefomn memory 10. In ttiis way, ttie subttacter 11 
calculates the difference Vd = Vb - Va between ttie 
two waveform data sets. 

The t)rightness of the interpolation line is calcu- 
lated by inputtkig ttie difference Vd of the waveform 
data in the ROM 14. The brightness I caloiated by 
using e.g. a following formula; 

I = WiVdl ♦ 1 (1) 
is written in ttie ROM 14 in the form of a table. 

lntfibEq.(1) |vd| represents the absolute value 
of the difference of ttie waveform data and k is a con- 
stant 

By the mettiod as descrit>ed in the at>ove example 
the part, where the slew rate of the waveform b high, 
is displayed darkly and the part, where the slew rate 
is k>w, is displayed brightiy. The brightness data Sb 
are inputted in the adder 15. 

In the case where the waveform is reproduced to 
be traced in the pbcel memory 16, it is necessary to 
interpolate the waveform data by using a line. Ir. the 
case where the number of wavefonm data sets in one 
frame is greater than the number of display pixels in 
the horizontal direction, ttie interpolation line Is a 
straight line in the vertical direction. Consequently, in 
order to trace an Interpolation line from the wavefonm 
data Vb to Va, the brightness of the Interpolation line 
may be written in all the pixels in the vertical direction 
fromVbtoVa. 

In order to realize It. the interpolation iine 
generator 13 generates successively vertical address 
Av from the inputted waveform data Vb to Va. The ver* 
tical address Av descnl)ed above and Oie horizontal 
address Ah generated by the horizontal counter 17 
are Inputted in ttie pixel memory 16. In this way all the 
pixels of the interpolation line are accessed one after 
anc^er and the brightness of each of the pixels is 
Increased by ttie respective txightness of the interpo- 
lation line by the latt^ 1 8 and ttie adder 1 5. In ttie case 
wtiere the number of waveform data sets in one frame 
is n times as great as the number of display pixels m 
the horizontal direction, n interpolation lines in the ver- 
tical direction are written in a same horizontal 
address, superposed on each ottier. In order ttiat no 
brightness Infomr^tion is lost by the superposed writ- 
ing, the t>rightness is accumulated by the latch 18 and 
the £KJder 15. When one interpolation tine has t>een 
once ttaced, ttie output of the DFF 12 is updated and 
the waveform memory 1 0 outputs following waveform 



IS 



20 



25 



30 



35 



40 



45 



50 



4 



5 



EP0457 497A2 



6 



data. 

Thereafter succeeding interpolation tines £ure 
traced in the same manner as descrit>ed atxyve. In the 
case where the numt>er<rfwavefiDmi data sets in one 
firame is n tinDes as great as the ni0T^>er of display 
pixels in the horizont^ directk>n» as descrit)ed prevF- 
ously, every time n interpolation lines are traced, the 
homorM adckess Ah In the horizontal counter 17 is 
increased by 1. When the trace of one tname is termi- 
nated, the brightness information is transferred to the 
display device 19 to t>e displayed there. 

In the case where a number of waveforms are dis- 
played. Vthe waveforms are accumulated in the (Mxel 
memory on eadi other, p^ where wavefonms are 
sup^posed are di^>layed br^htly. 

As dearly seen from the emt>odlment described 
above, according to the present invention, since the 
brightness of the hterpolation liiie ts varied, depend- 
ing on the slewrate and the br^hrtnessbaccurnulated 
by superposing interpda^n lines/even in the case 
where a dense waveform having a high frequency is 
displayed, points, at v^ich the phase, the frequency 
or tf)e ami^itude ia varied, are displayed as points, at 
whk^ the brightness is varied, and therefore an effect 
csni^ ot>tained that rt is possible to find eas9y pecul- 
iar points in the wavefona fiirttier. according to the 
present invention, it is possible to display a numt>er of 
waveforms and another effect can be obtained that 
observation is easier, because superposed parts 
become clearer. 



Claims 

1 . A waveform displaying device, which reproduces 
to display a wavefomr) of a measured analogue 
signal on the basis of waveform data, into which 
the measured analogue signal is digital-conver- 
ted by means of an analogue to digital converter, 
comi^ng: 

displaying means (1 9) for effecting the dis- 
play while controlling the brightness of pbcels; 

a pbcel memory (16) for outputting the 
brightness of pbcels to said displaying means; 
and 

brightness accumulating means (K) for 
writing a phiraltty of Interpolation lines in said pbcel 
memory, accumulating the brightness thereof by 
superposing them on each other; 

wherein a compressed wavefbnn Is dis- 
played by brightness nrxxhilation. 

2. A wavefonn displaying device according to Claim 
1. further ccvnprising interpolation line brightness 
generating means (J) for determining the bright- 
ness of the interpolation lines by using differ- 
ences between waveform data, wherein the 
brightoess for every interpolation line obtained by 



said interpolation line brightness generating 
means is inputted In said br^htness accumulat- 
ing means so that variations In slew rate are also 
displayed by brightness mcxlulation. 

5 

3. A waveform displaying device, which reproduces 
to display a waveform of a measured analogue 
signal on the basts of wavefonn data, into which 
the measured analogue signal Is digital-oonver- 
10 ted by means of an analogue to digital converter, 
comprising: . 

displaying means (19) for effocting the dis- 
play while controllir^ the brightness of pixels; 
a pbcel memory (16) for outputting the 
IS brightoess of pbceis to said displa^ng means; 

interpolation line brightness generating 
mea ns ( J) for obtaining the Iwightness of each of 
Interpolation lines t^ using differences between 
Inputted waveform data; and 
20 brightness accumulating means OQ for 

accurmilating the brightoess of the interpolaticm 
lines from s^ interpolation line brightness 
generating means in the oorrespondbig pbcels In 
said pixel menDory. 
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